4.0  Lawnmower System Originating Requirements Document

System Overview 

The new lawn mowing system being designed by the Here We Mow Again Lawnmower Company is directed at the major market niche of individuals who actually like to cut their own grass the old fashioned way, by walking and manually pushing the lawn mower. This product is intended to compete widely in the lawn mower market. Our goal is to produce a durable lightweight lawnmower that can be utilized on hilly lots. Our market segment will probably be people with lot sizes less than ½ acre. Those that purchase our lawnmower will tend to be physically fit. We want our lawn mower to be the lightest on the market of those that have a 22-inch wide cutting deck. We prefer to have minimal maintenance. Our lawn mower shall be capable of being started manually (recoil).

4.1 Input/Output Requirements
4.1.1 Input Requirements

4.1.1.1 Operator Start Up

4.1.1.1.1    The Lawnmower system shall accept priming of the engine from the operator.

4.1.1.1.2    The Lawnmower system shall accept the safety override signal from the operator.

4.1.1.1.2.1 The Lawnmower system shall not require more than 6 pounds force to engage safety override.  The design goal is 4 pounds.

4.1.1.1.3    The Lawnmower system shall accept an ignition signal from the operator.

4.1.1.1.3.1 The Lawnmower system shall not require more than 15 pounds force to start.  The design goal is 10 pounds.

4.1.1.1.3.2 The Lawnmower system shall require less than three pulls to start.

4.1.1.1.3.3 The Lawnmower system shall have a start cord at least 48 inches in length.  The design goal is 40 inches.

4.1.1.2 Lawnmower Operation
4.1.1.2.1    The Lawnmower system shall accept forward force from the operator.

4.1.1.2.2    The Lawnmower system shall accept backward force from the operator.

4.1.1.2.3    The Lawnmower system shall accept turning force from the operator.

4.1.1.2.4    The Lawnmower system shall accept adjustment of mowing height.

4.1.1.2.4.1    The Lawnmower system shall be able to be set to a minimum mowing height of 1 inch.

4.1.1.2.4.2    The Lawnmower system shall be able to be set to a maximum mowing height of 4 inches.

4.1.1.2.4.3    The Lawnmower system shall not require more than 30 pounds force to adjust mowing height.  The design goal is 25 pounds.

4.1.1.3 Fuel-Oil Mixture Addition
4.1.1.3.1 The Lawnmower system shall accept a fuel/oil mixture from the operator.

4.1.1.3.1.1  The Lawnmower system shall be able to accept fuel with an octane rating of 87 or higher.

5 The Lawnmower system shall be able to accept a fuel-oil mixture ranging from 32:1 to 34:1.

5  The Lawnmower system shall be able to store 0.5 gallons of fuel-oil mixture.  The design goal is 1 gallon.

5   Air Intake
4.1.1.3.1 The Lawnmower system shall accept air from the surrounding environment.

4.1.1.5  Re-supply and Maintenance
5 The Lawnmower system shall accept lubricating oil from the maintenance personnel.

5 The Lawnmower system shall accept replacement sparkplugs from the maintenance personnel.

5 The Lawnmower system shall accept replacement air filters from the maintenance personnel.

5 The Lawnmower system shall accept replacement fuel filters from the maintenance personnel.

5 The Lawnmower system shall allow for the removal of the blade by the maintenance personnel.

5 The Lawnmower system shall be able to withstand cleaning by pressurized stream of water.

5 The Lawnmower system shall be able to withstand not being cleaned for 100 hours of operation.  Design goal is 200 hours.

5   Mowing Intake

5 The Lawnmower system shall accept grass from the surrounding environment.

5  The Lawnmower system shall be able to handle a grass intake volume of 1000 inches3/second.  The design goal is 1200 inches3/second.

5  The Lawnmower system shall be able to handle a grass intake height of 7 inches or less.  The design goal is 9 inches.

5 The Lawnmower system shall accept weeds from the surrounding environment.

5 The Lawnmower system shall accept leaves from the surrounding environment.

5 The Lawnmower system shall accept sticks from the surrounding environment.

5  The Lawnmower system shall be able to safely handle sticks up to ¼ inch diameter.  Design goal is ½ inch.

5 Output Requirements
4.1.2.1 Lawn Mower Operation

4.1.2.1.1 The Lawnmower system shall provide operational feedback in the form of vibration to the operator.

4.1.2.1.2 The Lawnmower system shall provide operational feedback in the form of noise to the operator.

4.1.2.1.2.1  The Lawnmower system shall not exceed 110 dB.  The design goal is 80 dB.

4.1.2.1.3 The Lawnmower system shall discharge exhaust fumes to the surrounding environment.

4.1.2.1.3.1  The Lawnmower system’s exhaust fumes shall not exceed guidelines set forth by the Clean Air Act.

4.1.2.1.4 The Lawnmower system shall discharge clippings to the surrounding environment.

4.1.2.2 Deny Operator Requests

4.1.2.2.1 The Lawnmower system shall not start if safety override has not been engaged.

4.1.2.3 Override Operator

4.1.2.3.1 The Lawnmower system shall cease operation if safety override becomes disengaged.

4.1.2.3.1.1 The Lawnmower system shall cease operation within 1 second of safety override disengagement.  The design goal is 0.5 seconds.

4.1.2.4 Maintenance and Re-Supply
4.1.2.4.1 The Lawnmower system shall provide a status message in the form of fuel level indication to the maintenance personnel.

4.1.3 Functional Requirements

4.1.3.1 The Lawnmower system shall provide lawn-mowing service to an operator.

4.1.3.2 The Lawnmower system shall accept operator requests and provide feedback.

4.1.3.3 The Lawnmower system shall determine Lawnmower responses to safety override inputs received.

4.1.3.4 The Lawnmower system shall provide features for re-supply and maintenance.

4.2 System-Wide and Technology Requirements

4.2.1 The Lawnmower system shall require no training of the operator for use.

4.2.1.1 The number of customer complaints about the difficulty of the use for the Lawnmower should not exceed 5 per 10,000 users.  The design goal is 3 per 10,000 users.

4.2.2 The Lawnmower system shall be convenient and safe to use.

4.2.3 The Lawnmower system shall provide 24-hour access to operators and shall remain in an operational state when the Lawnmower is not being used.

4.2.4 The Lawnmower system shall provide sufficient power for operation during normal operating conditions.

4.2.4.1 The Lawnmower system shall provide 6.5 horsepower worth of cutting power.

4.2.4.2 The Lawnmower system shall provide 7.0 ft-lb.’s of torque at 2,800 revolutions per minute.  The design goal is 8.0 ft-lb.’s of torque.

4.2.4.3 The Lawnmower system shall provide a minimum of 1,800 revolutions per minute of engine speed. 

4.2.4.4 The Lawnmower system shall provide a maximum of 3,200 revolutions per minute of engine speed.

4.2.5 Availability.
4.2.5.1 Lawnmower Engine

5 The Lawnmower system MTBF for the engine shall be 2,500 hours. The design goal is 3,000 hours. Failure is defined to be the inability to start the engine.

5 The Lawnmower system MTTR for the engine shall be less than 8 hours.  The design goal is 4 hours.  Repair means the Lawnmower is returned to full operating capacity.

4.2.5.2 Lawnmower Starting System
5 The Lawnmower system MTBF for the starting system shall be 9,000 pulls.  The design goal is 11,000 pulls.

5 The Lawnmower system MTTR for the starting system shall be less than 4 hours.  The design goal is 2 hours.

4.2.5.3 Lawnmower Safety Override
4.2.5.3.1        The Lawnmower system MTBF for the safety override mechanism shall be 2,500 hours. The design goal is 3,000 hours.

4.2.5.3.2 The Lawnmower system MTTR for the safety override mechanism shall be less than 2 hours.  The design goal is 1 hours.

4.2.5.4 Lawnmower Adjustment Mechanisms
4.2.5.4.1        The Lawnmower system MTBF for the adjustment mechanisms shall be 2,500 hours. The design goal is 3,000 hours.

4.2.5.4.2 The Lawnmower system MTTR for the adjustment mechanisms shall be less than 2 hours.  The design goal is 1 hours.

4.2.5.5 Lawnmower Cutting Blade

4.2.5.5.1 The Lawnmower system MTBF for the cutting blade shall be 200 hours.  The design goal is 400 hours.  Failure is defined to be the degradation of the blade edge to unacceptable sharpness.

4.2.5.5.2 The Lawnmower system MTTR for the cutting blade shall be 1 hour.  The design goal is ½ hour.

5 Expected Life of the Lawnmower System
4.2.6.1 The Lawnmower system shall have an expected life of at least five (5) years.

5 Cost of operating the Lawnmower system.

4.2.7.1 The operating costs should not exceed $0.65 per hour.  The design goal is $0.60 per hour.

5  The Lawnmower system cost should not exceed $250.  The design goal is $150.

5 Usability.
5 The Lawnmower system shall complete the operator start up cycle in 20 seconds.  The design goal is 15 seconds.

5 Trade-off Requirements

5 Performance Trade-offs.  The right column of the objectives hierarchy shows the relative weights of the performance requirements.  The value curves of the performance requirements are to be determined.

5 System Cost Trade-offs.  The left column of the objectives hierarchy shows the relative weights of the system cost requirement.  The value curve for the system cost requirements is to be determined.

5 Operating Cost Trade-offs.  The center column of the objectives hierarchy shows the relative weights of the operating cost requirement.  The value curve for the operating cost requirements is to be determined.

5 Cost-Performance Trade-offs.  The relative weights of the system cost, operating cost, and performance requirement are 0.1, 0.1 and 0.8, respectively.

5 System Test Requirements
5 Test Requirements

5 Observance Test Requirements

5 The Lawnmower test system shall use instrumented test equipment to collect data to verify requirements 5.1.1.1.2.1, 5.1.1.1.3.1, 5.1.1.1.3.3, 5.1.1.2.4.1-5.1.1.2.4.3, 5.1.1.3.2.2, 5.1.2.1.2.1, 5.1.2.1.3.1, 5.2.4.1.
5 The Lawnmower test system shall verify requirements 5.1.1.1-5.1.1.6 through demonstration.
5 The Lawnmower test system shall verify requirement 5.1.1.2.4 through inspection.
5  Verification Plan.  The Lawnmower system verification shall be conducted by demonstration, inspection, and instrumented test.
5 Validation Plan.  The Lawnmower system validation shall address every scenario in the operational concept for operations and maintenance.
Acceptance Plan.  The Lawnmower system acceptance tests shall examine the operation of the pre-production prototypes in test facilities for a 3-month time frame.
